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Abstract Levels of microRNAs (miRNAs) are increas-
ingly assessed in biological fluids, for example, in samples
obtained by bronchoalveolar lavage (BAL). ‘‘Post-collec-
tion kinetics’’ of miRNA expression levels, however, have
not been investigated to date. In these experiments, we
analyzed the dynamic expression profile of 5 different
miRNAs (miR-17, miR-19b, miR-20b, miR-125a, and
miR-223-3p) in BAL within the first 24 h following col-
lection by routine bronchoscopy. miRNAs were quantified
0, 1, 4, 8, and 24 h after collection in samples that were
kept at 4 C or at room temperature. The expression of all
five miRNAs was found to remain stable between the first
8 h after collection. 24 h after collection miRNAs faced
substantial alterations in their expression profile. These
data emphasize that BAL samples intended for further
miRNA analysis can be handled at room temperature
within the first 8 h after bronchoscopy.
Keywords microRNAs  Biofluid samples 
Bronchoalveolar lavage  Kinetics
Introduction
microRNAs (miRNAs) are small, non-coding RNA frag-
ments that appear to control the expression of more than
60 % of the human genome [1]. As such, miRNAs have
emerged as pathogenetic factors, as potential therapeutic
targets and as biomarkers in several pulmonary diseases,
including but not limited to pulmonary hypertension, [2–4],
obstructive ventilatory disorders [5–7], cystic fibrosis [8],
and lung carcinoma [9] (reviewed in [10]). miRNAs show
several features that make them attractive as surrogate
markers that might be helpful in the diagnostic work-up
and prognosis. These features include a high stability, tis-
sue-specific expression and specific and sensitive detection
by qPCR technology [11]. The expression of miRNAs has
been analyzed in lung tissue and biofluid samples including
blood samples and urine and, recently, in bronchoalveolar
fluid [12–14]. However, standardized methods that define
time points and work-up following collection of miRNAs
are lacking and ‘‘post-collection’’ dynamics of miRNA
levels in bronchoalveolar fluid have not been addressed so
far. Here, we investigated the dynamic expression profile
of miRNAs within the first 24 h following collection by
routine bronchoscopy and bronchoalveolar lavage (BAL).
The investigated miRNAs included miR-17, miR-19b, and
miR-20b, all of which have been described to be expressed
in similar levels in serum samples and in samples obtained
by BAL [13]. Moreover, the hypoxia-induced miR-125a
and the neutrophilic miR-223-3p were analyzed [15].
Methods
Patients were recruited from 06/2014 to 09/2014 during
regular visits in our outpatient clinic. Patient’s diagnosis
included sarcoidosis (two patients), hypersensitivity pneu-
monitis (two patients), drug-induced pneumopathy (Pem-
brolizumab, an anti-programmed-death-receptor-1 antibody
used for the treatment of advanced melanoma [16]) and
unclear lung disease (one patient each). All patients gave
their written informed consent. The study protocol was
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approved by the local ethical committee (approval number
KEK–ZH–Nr 2014-0011). Bronchoalveolar fluid samples
were obtained during routine bronchoscopy and processed as
shown in Fig. 1. Synthetic Caenorhabditis elegans miRNA
cel-miR-39 (synthesized by Microsynth, Balgach, Switzer-
land) were added to 200 ll of denatured sample (10 ll of a
5fmol solution) and used as endogenous spike-in control.
miRNAs were isolated using the miRCURY RNA Isolation
kit-biofluids (Exiqon, Vedbaek, Denmark). RNA samples
containing miRNAs were eluted in 32 ll RNase-free water
and stored at -80 C for later analysis. Mature miRNA se-
quences were detected with specific stem-loop primers and
reverse transcribed using MultiScribe reverse transcriptase
(Life Technologies, Zug, Switzerland) according to Chen
et al. [17]. Quantification of complementary DNA (cDNA)
was performed by SYBR Green quantitative PCR (qPCR,
Applied Biosystem StepOnePlus system, Life Technolo-
gies). Sequences of primers used in this study for reverse
transcription and amplification of miRNAs were the fol-
lowing: cel-miR-39, RT 50-GTCGTATCCAGTGCAGGG
TCCGAGGTATTCGCACTGGATACGACCAAGCT-
30, forward 50- CCTCACCGGGTGTAAATCAG-30;miR-
17 RT 50-GTC GTA TCC AGT GCAGGG TCCGAGGTA
TTC GCA CTG GAT ACG ACC TAC CT-30, forward 50-
GCG GCA AAG TGC TTA CAG TG-30; miR-19b, RT 50-
GTC GTA TCC AGT GCA GGG TCC GAG GTA TTC
GCA CTG GAT ACG ACT CAG TT-30, forward 50-CGG
CGG TGT GCA AAT CCA TGC-30; miR-20b, RT 50-GTC
GTA TCC AGT GCA GGG TCC GAG GTA TTC GCA
CTG GAT ACG ACT ACC TG-30, forward 50- CTC AAA
GTGCTCATAGTGCAG-30;miR-125a 50-GTCGTATCC
AGT GCA GGG TCC GAG GTA TTC GCA CTG GAT
ACG ACT CAC AG-30, forward 50-TCC CTG AGA CCC
TTT AAC C-30; miR-223-3p, RT 50-GTC GTA TCC AGT
GCA GGG TCC GAG GTA TTC GCA CTG GAT ACG
ACT GGG GT-30, forward 50-CCC TGT CAG TTT GTC
AAATACC-30; universal reverse primer 50-GAGGTATTC
GCACTGGATAC-30. Obtained signalswere normalized to
the levels of cel-miR-39. Specific amplification was con-
firmed by performingmelt curve analysis (StepOne software
v2.3, Life Technologies). Differential gene expression was
calculated with the threshold cycle (Ct) method [18].
Results
Levels of five different miRNAs were assessed at pre-
specified time points and temperature following collection
by bronchoscopy. Since BAL samples were obtained from
six patients, the experimental set included 255 independent
single-point measurements.
As shown in Fig. 2, expression levels of all five miR-
NAs were found to be similar between the first 8 h after
collection, independent whether the samples were kept at
4 C or at room temperature. Statistical analysis did not
reveal any significant changes. Detailed expression levels
were as shown in Table 1.
Discussion
An increasing number of studies has addressed the ex-
pression profile of specific miRNAs in bronchoalveolar
fluid. Such miRNA signatures might be used as a novel tool
of biomarkers for diagnosis, to follow-up patients and to
predict outcome. However, while being of major interest,
no standardized protocol for obtaining and further pro-
cessing of miRNAs has been proposed to date. It remained
Fig. 1 miRNA isolation from BAL samples. 15 ml of BAL was
collected and aliquoted in 8 tubes (1.5 ml each). Four tubes were kept
on ice (4 C), 4 tubes were stored at room temperature. Following
defined time points (0, 1, 4, 8, and 24 h upon collection), the samples
were centrifuged (100 at 20009g). Supernatants underwent a second
step of centrifugation (100 at 20,0009g) before isolation of miRNAs.
The experimental set included 255 independent analyses
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thus unclear whether the expression levels of identified
miRNAs are comparable between different study protocols.
In this set of experiments, we show that the expression of
miRNAs obtained from human BAL samples is stable
when assessed at different time points over a period of 8 h.
Standard deviations within this time period were not sub-
jected to greater variations highlighting the stability of
miRNAs in BAL samples. Conversely, after 24 h, a sub-
stantial increase of variations was observed. However,
probably due to the wide scattering of individual data
points, no significant changes could be detected. In addi-
tion, miRNA stability was found to remain unchanged by
processing BAL samples on ice or at room temperature.
Within these limits, temperature appears to be of minor
importance for the miRNA expression levels.
In these experiments, we analyzed the expression levels
of miR-17, miR-19b, miR-20b, miR-125a, and miR-223-
3p. A role for these miRNAs has already been implicated
in the context of diverse pulmonary diseases. miR-17 and
miR-19b are members of the important miR-17/92 cluster
(a)
(b)
Fig. 2 ‘‘Post-collection’’ kinetics of BAL-derived miRNAs. Expres-
sion levels of five different miRNAs were assessed at time point t0, 1,
4, 8, and 24 h after collection both with samples kept at 4 C (upper
panel) and at room temperature (lower panel). Expression at time
point 1 h and temperature of 4 C was arbitrarily chosen as 1.00
(n = 6, except for t0 n = 3). For details please refer to Table 1
Lung (2015) 193:381–385 383
123
that encodes six different miRNAs modulating, among
others, the vascular remodeling of pulmonary arteries [19,
20]. Together with miR-20b, these miRNAs make a panel
that can be measured in both the blood and BAL samples
[13]. miR-125a is induced by hypoxia and, as such, is of
particular interest in pulmonary diseases. miR-223-3p, at
least, is known as neutrophilic miRNA and was found to be
elevated in lung tissue samples of patients with chronic
obstructive disease [5]. These miRNAs, although involved
in several pathological processes and being associated with
different respiratory disorders, share the property of highly
stable post-collection kinetics and feasible detection in
BAL samples as shown herein.
Since different miRNAs obtained from six different
patients have been assessed at pre-specified conditions, we
conclude that the expression levels of miRNAs obtained
during BAL are stable over several hours. These data
emphasize that BAL samples intended for further miRNA
analysis can be handled at room temperature within the first
8 h after bronchoscopy. Moreover, our results suggest that
miRNA data from studies that used different collection
protocols (e.g., temperature and time points) are directly
comparable when the samples were processed within the
first 8 h.
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